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THE CHARACTERISTICS OF PLAIN FLAPS 

This , Probably, is the First Time the Question of Tailplane Characteristics 
with Floating Elevators Has Been Dealt With. This Condition is 
Important in Tail-setting and Stability Calculations 


By W. R. ANDREWS, A.F.R.Ae.S. 


I T has been recognised for many years that the theo¬ 
retical characteristics of plain flaps are not obtained 
on full-scale tests. Mostly these tests are made on 
tailplanes fitted with elevators, and to make any direct 
comparison with the theoretical values one must have an 
accurate knowledge of the direction of the airflow at the 
tailplane as well as its velocity. Even when the airflow 
(renditions are known* the measurement of elevator angles 
is not easy* unless special precautions are taken to allow 
for the deformation of parts under load, It is suspected 
that, in certain tests, this deformation has been included 
in the '* efficiency ” of the tailplane* Results from one 
series of tests can then only be applied to the design of a 
similar tailplane. 

The use of even a small amount of elevator intrcxluces 
considerable twisting on the tail plane, which must in 
most designs appreciably affect the incidence* The direct 
comparison between theory and practice is masked by such 
secondary effects. Even allowing liberally for these, the 
full-scale results still fall below the calculated values. 

From consideration of the tailplane itself, the cause of the 
joss in efficiency can be divided into three headings 

(i) Interference upon the spanwise distribution of lift 
across the tailplane due to 

(a) discontinuous elevators. 

(fc) interference of the body. 

(2) Errors in the theoretical treatment due to :■— 

{a) discontinuity at elevator hinge* 

(6) the effect of tailplane thick ness/chord ratio. 

(3) The gap between the elevator and fixed portion 
which is not allowed for in the theoretical treatment. 

It is obviously impossible to generalise on the effects 
under heading (1), but some attempt will lie made to reduce 
the discrepancies, and to show the median ism of the flow 
round the tail plane due to the gap at the hinge. 

In a previous article (Ref* 1} empirical corrections to the 
theoretical characteristics of thin aerofoils (Reb 2) are 
evolved, the results being summarised below. 


The No-lift Moment. 

K w t - f {0 j^ — - * + ^ + .0036^ - .0453^) j .. (t) 

Where f(t) =1—4*9 /*, 

t == Maximum thickness — chord ratio 

* = yJ. (*} dx 

J o 

= fl Rise " of centreline of aerofoil with respect 
to LE — TE line and measured normal to 
centreline itself, (Expressed as fraction 
of chord length*) 



4 * — Slope of centreline at LE* 

4 * = Slope of centreline at TE, 

is usually positive and t/t is negative except for aero¬ 
foils having rcflcxed trailing edges. 

No-lift Angle* 


= J Jj*{x)dx 


•• (2) 


I — 2Y 

/•(*) = 

Vx{i - X) 

y = Maximum *' rise M of centreline expressed 
as a fraction of the chord. 

Slope of Lift Curve , (Infinite Aspect Ratio). 

dKh * r , v 

Ag = --- — .0506 “ .563 t mm ** ** 
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Slope of Moment Curve. 



,25 — h P 


( 4 ) 


Where h is given in Fig. (1). 

The theory of thin aerofoils has been extended to cover 
the aerofoil fitted with haps (References 2 and 3). The 
notation employed is shown in Fig* 2 and Table i. 


Then 


hx 


>'d 


1 - h 
h(i - *) 


from x — o to (1 — E) 
from (i — E) to 1,0* 


These relationships apply only where the dap angles 
art* small. 

In order to show how nearly the approximate relation¬ 
ships agree with the actual. Figs. 3 to 7 have been prepared* 
The dashed lines in each case refer to the approximate 
relationships. Except for E' at small values, the approxi¬ 


TABLE L 



Approximate 

EXPRESSION. 

Accurate 

Expression. 

c # 

c 

(1 — E} COS a, -f E cos fa — a,] 

E* 

E 

E COS [17 - ad 

c> 

a, j 

E.J 

^ E sin 

Tan - - - - -, 

1 — E (1 — cos 17) 

r 

E{i - E), 

(i — E) sin (t t 

, (1 — E ) cos a # 4- E cos (17 — a ,) 


mate values are correct to within 1 per cent, for dap angles 
up to 15°. For small flaps, the ratio of effective flap chord 
to actual may cause a serious error. Only wind tunnel 
tests or a refinement to the theoretical treatment will 
confirm whether the actual (E) or the effective (E'l should 
tie used for calculating the characteristics* It is necessary 
that any wind tunnel data used for this purpose should be 
carried out at high Reynolds Number, 

The theoretical values for the plain flapped aerofoil 
fempirically corrected in line with equations 1 and 2 for 
the un flapped aerofoil) arc as follows :— 

Ntblift Moment. 

AKw 0 —/(/)[ — + 0036^ — .0453 $] 

= /(/)[ - >»v -f -tx> 3 6 Ej ? + . 0453^(1 ~ E}] 

where m = (i — E)-\/E( T — E) 

1 tj ~ flap angle in radians 
or with 1? expressed in degrees we have 

A K»i u (E) .{5) 

57-3 ____ 

where/, (E) = [ — (i — E)VE(l — E) -}- .0036 E — .0453 

(I - E) 1 


No-lift .-high. 

A°o = 57'3^ AKj*o J — io y - o degrees 


where iy is now in degrees, 

— J 


/(OWE)(6) 

„. hcre _ E|1 ~ Ei f . - £LzJ= + 4 - ^. rc . c “.y 2 -l 

2 LVE(t - E) 2E E(i - E} J 
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Ihe values of (E) and are plotted m Figs, 8, 9, to 
and ii. 

It will be noticed that equation 5 has a small error at 
both ends and does not quite satisfy the conditions for 
E — O and E = 1,0, This is shown clearly on Fig. Q. 
Since it is unlikely that a flap (even a trimming tab) will 
be smaller than 03 of the main chord no attempt has been 
made to correct this very small inaccuracy in the equation. 

The lift of the tail plane can be expressed os 

K t = a, a + . .. .. - - - * (7) 

where a f = slope of lilt curve with elevators fixed, 
a — Incidence of fixed portion. 

= Slope of lift curve due to change of elevator 
angle (17) only. 

If it is assumed that for flap angles up to 15° the slops 
of the lift curve (»,) remains constant their the ratio 

* * A a n 

a t /a, is given bv —-- 

V 

This ratio is plotted in Figs, 12 and 13 for 10 per cent, 
thickness to chord ratio. This curve sutlers tire same 
disability as Figs. 8 and 9 at E = o and E — i.o. 

The total moment about the LE of the aerofoil is then 
given by 

Km KtHg —* eK L , , *, ,. ., (S) 

Where t is given by 4. 

The only other characteristic is the hinge moment 
coefficient which is expressed in the form 


and b 


2(1 — E) \/E(j — E) 


| y — ArcCos\/E — \/ E(t —E) j. 


Where 


if K.-6-1- 

«/ 57-3 


-°453 * V * (* - E) 


Equation 9 can be rewritten as 

e b. 

K • -W 1 - 6 '’.‘ ,D > 

Where V - b ~ ■° <i3 ( ' ~ E) 

57 3 
b. 

Values of-and b f are given in Figs, 14 and 15. 

Floating Elevators 

When calculating tail-setting angles, or dealing with 
questions of stability, it is often important that the char¬ 
acteristics of the tailplane are known with tire elevators 
floating. This represents the case of flight without control 
un a machine where the elevator and the control system 
arc statically balanced and without friction. This ideal 
case could not be realised in practice, but the error involved 
in making this assumption will usually be small compared 
with errors due to other causes, unless it is definitely known 
that the hinge moment is appreciable. 

The hinge moment being zero then from 10 (fur sym¬ 
metrical tail) 


so that 




V"EU — E) — 
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Substituting lor tram 11 


K * t b ' f K 

lv, i~ a t a — J- - iv ‘ 

<* t b 2 5. 

a t a 


a, b t e 

1 a, b* .25 


(12) 


and K, * a t =* T a * T ^ 

a a. a, b* a. 


'f T F - "I 

\\ here a t is the slope of the tail lilt curve (elevators floating) 

-. •• (* 3 ) 


or ff # 


1 

a 


e 

^5 


a, b «, 

£ is plotted in Fig, 1 f>. 

Accepting the approximate relationship for CP. post 
tion as 

CP - - 

K, 

then 

c.p-.- 5 > 

Substituting for Km e and K, from equations 5 and 13, 
give* 


CP e - 


~ (E) 

5/3 


a,a 


Substituting for 17 from equation if gives:— 




which is a constant for any value of E. This C P. position 
is plotted in Fig, 17 for a 10 per cent, thick tailplane. 

Equations 13 and 14 are of great importance in making 
balance and stability calculations and the constancy of the 
C.P. with floating elevators makes for simplicity. 

It must be borne in mind that all the above relationships 
apply only to full-span elevators. Elevators, where It is 
known that the hinge moment is not zero when flying 
M hands off/ 1 require separate and different treatment 
since equation 10 equals a constant (or some function of 
incidence, etc.) and not zero as used in this investigation. 

This concludes the part dealing with the sealed hinge, 
and the effect of introducing the gap between elevator and 
tail plane wnU now be discussed. 

The rigorous treatment of the flow round a wing with a 
gap and a discontinuity at the gap must of necessity be 
very involved. An idea of what takes place can be 
visualised by considering the gap as an orifice through 
which air can flow when a pressure difference exists between 
the two sides. This treatment is purely quantitative and 
no claim is made for the accuracy of any of the assumptions 
since the matter is obviously too complex for simple treat* 
ment Laws which are established for a continuous aero¬ 
foil need nut necessarily hold for an aerofoil with a gap. 

It lias been shown that at a certain incidence, depending 
upon the flap angle, the lift of an aerofoil vanishes. It 
follows, therefore, that at some other incidence the pressure 
difference between the upper and lower surface at the hinge 
will also be zero. If, now, a small gap is introduced at the 
hinge, the flow will be zero, and the circulation will l>e 
unaffected by the introduction of the gap. This gives a 
starting point at which the sealed and open gaps agree in 
C ha racte ristics. 

If it is assumed that the pressure difference (Ap) be¬ 
tween upper and lower surfaces varies linearly with the lift 
coefficient for both sealed and open gaps, then at constant 
velocity the flow through the gap will be proportional to 
the sq, root of the change in lift co-efficient from the refer¬ 
ence point where Ap is zero. 
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The flow through the gap will break down the circulation 
round the wing by transferring air from the region of high 
pressure to that of low pressure, tending to equalise the 
two. Assuming that over a small range, at any rate, the 
lift is proportional to the incidence, then to get the same 
lift the incidence of the wing with the open gap must he 
greater than that with the sealed gap by an amount pro¬ 
portional to the loss of circulation. There is no evidence 
to show that at the same lift coefficient the pressure diff- 
ence at the hinge will be the same with open and sealed 
gaps—it seems doubtful that such would be the case. It 
becomes, therefore, impossible to obtain a simple expres¬ 
sion for the quantitative effect of the gap. Probably 
within reasonable limits the expression for incidence would 
take the form of :— 

aj — a . 3 -3- K 5 (K l — *• ( r 5 ) 

where o 9 = Incidence with sealed gap. 


K l “ Lift coefficient, 

Kxjj = Lift coefficient at which the pressure 
difference between upper and lower sur¬ 
faces is zero. 


K a — Constant which involves the air density, 
size of gap and the coefficient of discharge. 

A better picture of what is happening is given bv Fig. 18. 
The position of the line of no pressure difference across the 
gap suggests that if n (in equation 15) is greater than 3.0 
the slope of the lift curves (for positive K L ) will be more 
nearly the same for negative flap angles and that the slope 
will become less with negative flap angles. If « 1.0 then 

the lift curves will all be parallel and the no-lift angle will 
have a straight line relationship with flap angle. 

From a preliminary examination of the \\D. tunnel 
tests (Ref. 4) on a metal aerofoil fitted with a metal flap 
it would appear that n is slightly greater than i.o r It is 
assumed that the gap between the flap and the forward 
portion was not sealed on these tests which seems reason¬ 


able. Unfortunately no data about the gap have in the 
past been given in any of the reports examined by the 
writer so tliat information on this important question 
seems to be non-existent. Now that the high pressure 
tunnel tests are becoming available in increasing numbers 
and also that flaps are receiving long awaited attention, it is 
reasonable to expect that tests which show the effect of the 
gap reproduced to scale in the model will have the necessary 
data included in the report. 

At first sight it might seem that the effect of the gap on 
the lift of the system is perhaps a refinement hardly worth 
considering. If, however, the effect is as great, in some 
circumstances, as the writer anticipates it to be, it has a 
very important bearing on the question of stability for 
here the slope of the tail lift curve becomes o! paramount 
importance since it is a direct measure of the restoring 
force when the aeroplane is disturbed. 

In interpreting the above remarks, it must 1 m? remembered 
that the width of the gap and its coefficient of discharge 
considered as an orifice arc a measure of the loss in effi¬ 
ciency, so that where it is impossible or undesirable to seal 
it, the best alternative is to make the gap as small as prac¬ 
tical, and the air path through the gap as long as possible 
By so doing the resistance to flow through the gap is in¬ 
creased and the lift improved without any additional 
weight which would adversely affect the stability on account 
of moving aft the C.G. of the aeroplane. 
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STATIC THRUST AND MODEL EXPERIMENTS 


The article by Dr. G. Lachmann on Airscrew-Engine Combinations published on August 29 and September 26, 1935, 
has brought the following defence of model tests , The authors are engaged in the Aerodynamics Department of the 

National Physical Laboratory, Tedding ton. 

By C, N, H. LOCE, M.A. and H, BATEMAN, B.Sc. 


I N his article on M Airscrew-engine combinations and 
their effect on the take-off in Flight, August 29th, 
Dr, Lachmann makes a comparison between the static 
thrust efficiency deduced from model experiments 
(R, & M- 829) and that based on American full scale tests. 
He deduces from Figure 3 of that article that ** the model 
tests become entirely unreliable and misleading/' We 
consider this statement unduly severe on the model tests 
even if it is applied to the worst case, i,e. to airscrews of 
high pitch at very low' rates of advance. Actually the 
large difference between the model and full scale curves of 
Dr r Lachmann's paper represents not primarily a divergence 
between model and full scale, but almost certainly a result 
of differences of number of blades and of blade section. 
In the attached Fig. 1 the curve for the 4-bladed airscrew 
with R.A.F. 6 sections corresponds to Dr, Lachmann's 
curve based on R. & M. 829. Unfortunately we Iiave been 
unable to discover the exact design of screw' corresponding 
to the American full scale ” curve but it almost certainly 
refers to a 2- (or possibly 3-) biaded screvv having blade 
sections resembling Clark Y, which is now the usual type 
of section for airscrews. The figure shows three points 
(triangles) corresponding to some recent tests at N\P,L. of 
model screws having sections resembling Clark Y, and 
show's clearly that the discrepancy between model and full 


scale results in Dr. Lachmann’s figure might well result 
from change of blade section and from 4 blades to 2 blades. 
These final model results are as yet unpublished and were 
unknown to Dr, Lachmann at the time his paper was 
written. Additional evidence is furnished by tests of full- 
scale metal propellers having R.A.F. 6 and Clark Y sections 
(N.A.C.A. Report No, 378). These propellers have a blade 
Width 26 per cent, less than that of the N.P.L. models. 
Unfortunately ^ is very sensitive to change of blade width 
and number of blades, and for this reason the comparison 
of these full scale results with the model tests is made on a 
different basis in Fig. 2. The type of coefficient plotted in 
Fig. 2 is superior in this respect to ij and also in the fact 
that it serves to determine static t hrust directly from torque, 
which will he known approximately for a given engine even 
if the revolutions or power are unknown. The model results 
of Fig. X are here reproduced together with results of a 
second model screw of approximately Clark Y section and 
may be compared with the N.A.C.A. full-scale results. This 
figure shows clearly that, in spite oE the differences of 
section and blade width of the N.A.C.A, and N,P.L. screws, 
the difference between model and full scale results for pitch 
ratios between 0,9 and 1.15 is much less than that due to 
variation of blade section. 

Finally, it is necessary* to comment on Dr, Lachmann'* 
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Criticism of wind tunnel tests that they fail to reproduce 
true free air static conditions. It must Ik? admitted that 
the tables ol K, & \L 829 are in error to the extent that the 
performance figures stated to correspond with J ^ O 
actually correspond to tunnel static for which J has values 
between 0,05 and 0,18, This is made clear in R. & M* 3 153 
which also provides evidence that the performance of an 
airscrew at zero forward speed in free air may be derived 
from wind tunnel observations with fair accuracy by extra¬ 
polation (except where the stall takes place at or very near 


static)* The curves of Fig* 1 for the model screws have 
tjecn obtained in this way, while those of Fig. 2 refer to 
results at tunnel static. 

The final conclusion appears to be that when an airscrew 
is in the region of the stall* it is essential when estimating 
its performance, to use data referring to the correct blade 
section just as much as in the stalled region of an aerofoil. 
This does not, of course, avoid the necessity for making 
some allowance for scale effect and tip speed effect, but 
the above evidence suggests that this is not very important* 


TECHNICAL LITERATURE 

A Welcome Second Edition 


Aero plant- Structures, By A. J * Sutton Pippard and J * Laurents 
Pn it hard, Longman* , Often <&'Co, 21s. net* 

i IL students of the structural side of aeroplane design have 
XV long been clamouring fur a new edition of tills invaluable 
£ \ taiok. First published in 1019* it embodied aU the ex¬ 
perience gained by its authors in the war-time equivalent 
of the Airworthiness Department* of which Mr. (now Professor) 
Sutton Pippard was the head, and Captain Pritchard was a 
senior officer. The new edition has been revised with the 
special object of *' helping the student of aeronautical engineer¬ 
ing to obtain a logical and thorough knowledge of the leasts of 
aeroplane design. 1 * To that revision, Professor Sutton Pippard 
brings the ripe experience ol instructional work gained during 
his successive tenures of the Chairs of Civil Engineering at 
Cardiff. Bristol and now at the Imperial College in the Uni¬ 
versity of London. Captain Laurence Pritchard contributes an 
intimate knowledge of the needs of aeronautical students, whose 
welfare is well known to be one of his special cares amongst 
Ills many duties as Secretary of the Royal Aeronautical Society* 

The second edition of '' Aeroplane Structures Jf is a marked 
improvement on the first* bv re-arrangement * by the addition 
of new material and by the elimination of matter now readily 
available in other forms* There has been such rapid progress 
in the art and science of aeroplane construction during the last 
sixteen yean that the authors must have found it difficult 
to keep the book within reasonable dimensions. To do this 
they have concentrated on fundamental principles and methods 
of strength determination, leaving it to the illustrations rather 
than tu the text to show examples of present-day construction. 

The calculation of the strength of members under combined 
la tend and end loads is essential to the design of the spars of a 
biplane* and the chapter on this subject includes many general- 
ised and modified ionns' of the Theorem of Three Moments* 
including the polar diagrams due to H. B. Howard. In the 
stressing of three-dimensional frames attention Is called to the 
useful tension coefficients due to R. V* Southwell, while a 
■pedal chapter deals with the application of strain energy 
methods to the calculation of redundant structures. Much of 


the recent research and development work on this subject has 
been carried out by Professor Pippard himself, and he has 
already written an authoritative book covering the general 
application of strain energy to structural calculations and 
design. 

Subjects of which lillle or nothing was known at the time of 
the first edition are thin metal construction and problems due 
to flexibility in aircraft structures* The chapters cm both these 
subjects are useful summaries of the present state of theoretical 
knowledge, with references to the original reports and papera 
utilised* 

A review without, criticism is like an egg without salt, and 
folio wing are a few points which call for adverse comment. 
Not enough attention has been paid to the definitions of load 
factors and stresses as used m the recently revised British 
airworthiness system. The proof factor dftes not appear to be 
mentioned at all, nor is it made clear that the calculations lor 
lh< ultimate factor arc directed to reproducing as closely as 
possible the results which would be attained in a destruction 
test on a standard structure in which all-strengths and thick* 
nesses of materials were the minima permissible,. When deal* 
ing with fuselage frames it is, of course* usual to assume a pin- 
jointed structure in determining the loads in the members* 
but with stiff-jointed forms of construction it is common prac¬ 
tice to make some allowance for fixity of the joints in calcu¬ 
lating the streugth of struts. Mention of stiff-jointed frames 
leads us to the paragraph on welding, in the chapter on detailed 
design. However-bright the future of spot-welding for joining 
thin sheets, the most important present use of welding surely 
lies in tubular coast ruction of fuselages, wing ribs, etc* 

This tx»ok can be thoroughly recommended to all students 
of aeroplane structures and to thoee responsible for teaching 
them. All of it will come within the scope of those taking 
an honours course at a University and most of it will be readily 
understood by much less advanced students. No aircraft 
technical office can afford to be without a copy for reference 
purposes. To sum up* this second edition of an already famous 
book should become the standard textbook on aeroplane 
structures thruughoul the British Empire* H. A* M. 
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SUMMARIES OF AERONAUTICAL RESEARCH 
COMMITTEE REPORTS 

EPORTS published by His Majesty's Stationery Office, 
London, which may be purchased directly from H.IVL 
Stationery Office at the following addresses : Adastral House, 
King sway* W,C,2; 120, George Street, Edinburgh; York 

Street, Manchester 1; SI, Andrew's Crescent, Cardiff; 15, 
Donegal! Square West, Belfast; or through any ordinary 
bookseller. 

Frera tat DifinturnoN on Wings with Aiiebons. By VV. L. 
Cowley, A.R.C.Sc., DXC, and G. A. MdVIiUun, M.Eng., of the 
Aero-Dynamics Department, NALL. K, & M. No. u^s. (73 pages 
and 20 diagrams). May 14, 1934. Price 35. bd. net. 

The present tests, were mack 1 in connection with the design of ±1 large six-euighifd 
cotrunrrdal flying boat. Tbis aircraft was under construction by the Supermarirre 
Aviation Works when the Government dreaded that it should Im* abandoned. Tunnel 
work was also in progress at the time and although most of the investigations could 
not he completed, several parts of the work should prove useful, in general, in 
aircraft design. It is intended to issue A report of these sections. The present 
report deals with the pressure distribution over the wings, and wa^ undertaken 
for the purpose of investigating the possibility of fan of effectiveness of the aileron 
due to the twisting of the wing^ under the aileron loads. 

Tests were carried out on a on«*twentv fourth scale model of the wings at angle* 
of incidence of — 4 , 0 °, 4 s * R c . 12 ° and 1 G ,J , and the angles of the aileron* ii* each 
dato were -it*. (F. and LT. The mod xpted of test was "a fC/sec. 

From the measured pressures over the wings find ailerons the 1 o.ii.Lk and positions 
of cent re of pressure at each section of the wings and ailerons were calculated under 
each condition of test. 

Wind Tunnel Investigation of the Cooling ok an Aih-jacketfd 
Engine. By A. S, Hartshorn, B.Sc. Communicated by the Director 
of Scientific Research, Air Ministry, It. & M. No, 1641. (55 images 

and 18 diagrams.) June, 1934. Price 3s. <xl. net. 

Early in 192 S the possibilities of forced draught cooling for an air-jacketod eng mi 
were put forward bv Mr. K. McKinnon Wood in an unpublished paper* and thr 
pn^wut report gives the result of ho Die wind tunnel tests made in connection With 
this scheme. 

Range of lm-e&mention .—Frelbnhiary tests were made cm a 5 in. diameter cylinder 
with find without fins, to hud both the rate of heat dissipation to he enjiected from A 
jacketed cylinder and the power required to force the air through the jar-kcls. 

Other measurements were made on one of Lhc tinned cylinders with jackets re¬ 
moved or replaced by rear guide vanes and on a model fuselage of streamline form 
fitted with internal dusts and gauze to represent the resistance of the jacketed lini. 
The inlet and outlet passages were modified to produce :— 

fa) A flow induced solely by the motion of the body relative to the outside air, 

fbj Xo naturally induced How, a forced flow being supplied by a separately driven 
fan. 

ic) A composite flow partly induced and partly forced 

Measurements were made of the cooling velocity through the ducts, the drag of the 
body, the thrust and torque of the fan. The airscrew slipstream was not represented. 

The heat dissipation from an air-jacketed cylinder wa* found to agree reasonably 
well with the formula given by Osborne Reynolds, using the skin friction coefficient 
applicable to pipe flow. The power required was about twice that due to skin friction 
for the finned cylinders and about three time*. for the plain cyliuder 

Thc tests show that with a cowled system such as a Towiiend ring the power 
required for a given rate of heat dissipation can be almost halved by adding suitable 
tear guide vanes. 

For any practical ins Filiation [fur power expended m cooling can he considered a* 
the sum of (1) a necessary loss incurred across the cylinders, and (21 a parasitic Soi* 
made up of losses in the entrance and exit ducts and of |he effect of the duct On the 
drag. Fora well designed duet this parasitic loss was found to be equal to or slightly 
iess than the necessary loss through the jackets. Additional losses are incurred at 
top speed if the cooling flow increases with speed. 

The data of thb report arc sufficient to estimate the total excess power required 
to provide a given rate of heal dissipation for an air-jacketed installation. Tbi.- 
power is considerably less than with a normally cowled engine, and can he decreased 
stilt further by the incorporation of a method of regulating the cooling flow over this 
cylinders. 


* R, McKinnon Wood, On a proposed forced draught system of cooling aero 
engines. TJSSl (Unpublished). February 1028 


Experiments on the Whirling Arm. Yawing and Rolling 
Moments on the Horn bill and Various Aerofoils. Pkf.ssure 
D iSTRtMrrtoN and Flow Tests on R.A.F.ts^ By A. S, Holliday, 
B,Sc., Ph.D.* D.LC,, and C, TL Burge* of the Aerodynamics Depart- 
meat, N\P-L> R. & M No. 1642. (21 pages and 43 diagrams,) 

August 11, 1934. Price *s, 6d. net 

Thr Hombilt was selected some years ago 00 ax count of reports of its good 
behaviour at 1™ speed* and experiments on a model: of it form part of the general 
investigation of the stability ami control of aeroplanes at and beyond the stall 
Reports and Memoranda* cm full srale and model experlmenls on the Horn hill 
have already been published The data from niodfib in these publics I inn* cmraiia 
Of the derivatives due to sideslipping and rolling ; the rotary derivatives due |o 
continuous rotation in nw were then required to complete ihe study of the UU-nil 
Mabtliiv of the Bomb ill. For comparison a number of other models have bwa 
letted, mottle of I he simple aerofoil type 

Th? experiments cover a range of hictdrnrc from —8* to 4IT. Yawing moments 
on the HorubfU were measured with rudder crniraJ, at ^ 16* and at ± 30“, with 
tail plant- removed, with hn and rudder removed and with the complete model 
yawed ±2F and 

The reeling experiment* were more comprehensive, reside* experiments on the 
Homhill. results are al» given for a cumber of aerofoil?, R.AF.I5, R.A.F.31, R.A.F, 
lf> with twcptTorward wiog tip®, R.A.F.3L with tip slots open and with one open 
and one closed in mm. Result* are also given for R.A.F.If? yawed 6.05 . 

R,A.F,15 aerofoil has been pressure plotted on the whirling arm over approxi- 
mat fly the same range of incidence a* for the measurement & of moments and for 
of yaw. The flow over the upper surface of R.A.F-16 has been investigated by 


* R. A M. 1422. Experiments on the Hawker HorobUJ Biplane.—S. B. Gales 

and other. 


mraK oi wool streamers m ttftfi Kc and by tmuke at about Hr ./sec, and fur com. 
p.*n^>n t In How determined in u wind tunnel at Bnit./'scr. using si reamers With the 
si reamers the How was also nmrrl when l hr aern’oi. was v anvil i 5 

When a region of '* dead air ** It fortned above the upjier surface of the wing*., the 
lateral Accddifloa of thr aeroplane has an import am effect on the aerodynamic 
rolling moment on the wings This acceleration depends on thr centrifugal com 
portent due to rotation in yaw and on rale of change of sideslip ; bulb these factors 
w’ill therefore influence the rolling moment, and must be taken into account in ihr 
study of stability and control beyond the stall. 'The nu-nsun-iiirtus m this report 
include the effect of th* centrifugal acceleration but donut separate it from ihrrStcUQf 
ihe velocity gradient front tip to tip of the wings- Thr re is t litre tore no means of 
esUm iihkE tire moment whim the btera! acceli 1 at loo Includes a part due to rate of 
rhiinge of sideslip. This presents an additional difficulty in the treatment of stability 
of a stalled arrefdanr on rlnsiirgl lin**s A* thr same time thr nrerful m thr sign 
of the rolling moment due to yawing mny aceotmt in pnrt lor tire observed stability 
of the Hombill abovt 1 about 23 incidence, since ibis reversal ibwcks Ihe tlivergencc 
which would otherwise be se^t up by thr yawing moment due to rolling of lhe vv.ugt* 

An Analytical Survey of thi Effect of Mass Distribution on 
Spinning Equilibrium. Hy S. II. G&tes, M.A., and H. H. Frauds 
M.Sc. CoinJiiuuicntod by ihe Dirvclor of Scientifit Rdearth, Air 
Ministry* K. A M. No 1644, (n pagefl and 56 diagtcims,) Septciire 
ber 2b f ip34, Pric<? is net, 

Emphas s has been Utd at various t imes bn the itupurlourr 01 CG.pbttitlon and of 
the inertia difference* (A—tS] and {C—A) on spitinmg equilibrium. This work if an 
attempt to gel a mugh but mapribrarw picture of thr wholr matter, using such 
spinning balance data for monoplanes and biplarre* as are avtultible, 

Charts have been eonsinicted aud are arranged in MJeh a way ihal a tirsigner 
who known the layout of his wings and tire IMS? distributkiii ran make a quick 
estimate of the order of the yawing inertia eon pie which I he mm fi motion will give, 
and also of the effect of changing the mas* distribution by vvrigliting cl (her thr wiiigb 
or the fusrbgr- One set of diagrams show the effect ot vceightiug the wuigF, and the 
other that of weightmg ibr fuflpkgr 

The survey confirms thr had inertia wing crmibmalions on which < m.plia»is has 
previously bi-cn laid, bui puts these cases in their proper perspective, nariirularly 
as regard wing* which are nm “ stable" or " unslabh " ihroughimt I he wdiole uf 
the spinning range As thr' yawing inertia rrumje dot s not ihuhIIv much exceed Id, 
which is considerably less than the difference Wlwren a gocnl anti bad body in flat 
•pms, good, bodv design is a more powerful safeguard [ban a Men lion to good maen 
distribution. Slot5 may increase fh.' pro-spin yawing Inertia coupling by over Id 
it the fuselage t* light. 

Report on Puaa Morn Accidents. U> tlit Accidents Jnvcsiign- 

tinn Silb-CGEBmttre. R A M. No. 1643, (32 f*n gt*s and 13 dia- 

grnms,) March, 1935 Price is, yti. 

The PiiAs Moth is a high-wing cabin unmoplonr detitfiied mul cotufruetpd b> fln- 
de HiiviU.md Aircraft Company, Ltd. It lias been flown in all parts of thr murid 
in every tvpe of weather, ha* been, used by pilots to make a number of rei ord High lx 
iiud has flown the Ailaniu . This mouriplanc has. in fact, an excellent record, 
but there have been some nine structural failures in thr air over tt period ol nbout 
three years. Considerable diiheuttics were experienced hi attempting to explain 
ihesc accident* which otcurml all over the world. So that they were referred to 
[fir Accidents Investigation Sul> (’otutulltee of the Aerotiautira^ Rffurdl CtiUiUaftiee 
for a careful investigation. 

At an carlv stage of the investigathm ii was found impossible 10 provide a rom 
pletrly couv^udtig exphuiatiou of the sequence of events in any of the scries of 
accidents, or to suggest what was the primary" cause that had remind in the struc¬ 
tural failure in the air. A series of parallel investigations wax accordingly put m 
hand. None of the earlier *’mpiirh-* provided an adequate ri plan at ion rn iL. avui- 
dents, and ihe possibility of flutter of one of the control organs was considered. 
When pos&ibir, thr wret kage was returned to Engloud iind tnspertid cart fully by 
cxfK-rts. Amongst the wrerkage so collected were eight wingi Irom different 
aeroplanes which, when the breakages were analysed by the Inspector of Accidents* 
showed a number of common features, 'ITiesc Miggeitrd that the wmgx must ha^'e 
broken in flutter, because in no other way could an expinnaiimi be found of ihe 
large forces required tt» break ihr wing itmclure in I his manner Wind 1 untie I 
experiments on # properly pioportioncd model showed that a mow mi ni in flutter 
of the type required to give this kind «f breakage was present, and this wa^ coo- 
Etdered bv the Accidents Investigatinn Sub-Cumimtlrr 10 mpport ihe most }m- 
ptirtant evidence of the actual breakages found in ibr wreckage. Thr Sub-Cam* 
mittee have acecmlingly rcporlrd ihnt ihe failure of the wings in several of ihe 
arridenls, and possibly in all, has been caused liv vkfleiii ear king of the wing*, 
and have pointed out that ihe particular design of the bracing of the wing* by Vie 
strut a will, if wing flutter occurs, give rise to a yawing component tending to rack 
the wings. 

During the course of their mvrsU&alfonv it seemed Hktlv that tail flu tier might 
have caused the damage In some of lhr accidents but not in othrni, because in ihe 
latter coses the toil part of thr structure was ftiund practically undamaged after ihe 
arridrnc. Sperial wind trinnefrxprnmrnts were made on the [aiJplanr and eievafonk 
and it was (raind that flutter of boib the rudder »nd ch vutors wax [HMubtr umler 
certain conditions. This work was undertaken at an early stage and as a consequence 
the rudders of Puss Moths are now all mim baluurrd, HoweveT, after this modi 
fie: a I ion lud been introduced two further icekknii ck ettrTtd tm nimhim s which were 
known to haw balanred rudders. 

The Sul> Commit ter have put forward the foikrwiug n r ouuii* 1 id a nun to thr Air 
Miuiftry 

An inereoie m the flying speeds of aenoplonra Iuib introduced problems 0/ drrign 
dtsimcl from those of strength. The aircraft structure is uecetAarily flrxiblc 
and relative movement: of Us romixment unit* takes place under nr rodynamic 
loading. If such mnvemetiis are rxcrsrive. flutter ar,d nther t l.iiig*rmi» pltemmii n* 
arc liable 10 Ex-rttr at spreds wiihm or only a Hub beyond th** normal s|j*«i d range, 
1‘hr Sul>CommitttT are:of opmioa that the design of modem high spe* d aircralt 
involves problems -rf flexibility as well as strength and the time has arrived when 
routine calculatkms or exprriinenls shun Id be m:idc for each tlrsiKU to covrl the 
possibilites of.failure due to the interacliou of strociural distortion and aero- 
dynamic iciarim^H- 

The Hydrodynamic Foitcrs and Momintb on Simple Planing 
Surfaces* and an Analysis of the Hydrodynamic Forces and 
Moments on a Flying Boat Hull. Bv W. G, A Pcrring* 
finri L, Johnston, B.Sc, Comratmicaturi bv the Director of Scien¬ 
tific Research, Air Ministry'. K ik M. So. 1646. D3 (ugn anif 
31 liiatgratni.) February* 1^35* Pric« 1^. Gd. net. 

An analysis been nmde of the force and moment mea-urrmeim for a piite 
planing 4xi the walrr and cxprt-ssfiMis haw hre-rt nrriitrn dwfl ihowiijg how there 
water reactions vary with the a»p*tt ratio of the ptaie ami akr^ with the angle ol 
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yrr- of thr pfoming bottom. The effect of longitudinal and tr»u?vr**r curvature 
of tin? plank w vurW< <mi ihc force* aud moments \m alsti b«*n investigated. In 
addttkffl tilt: force* and moments have bem related to the area ol the projected 

still water surf ace. 

Analysis shown that thr forem. iml moinviit* 00 a planing surface can be represented 
by relationship similar 10 those nf ail aerofoil. The lift wa* found to vary directly 
with incidence!, the slope of th** lift ob af fl e k rTri curve bring a function oi the aspect 
ratio «it I lie form C A ■*-. A rimifor relationship was alto found to hold for vrr 
shaped surface, the effect of the ve* angle being to modify the coefficient C. Tim 
analyst of thr drag showed that the forces on a planing surface roukl fo* regarded 
at comprising a force normal to thr plain- and a frictional force along the plane, 
which varied with the Reynold-- number of the U*i, For il-*i n* Etmimfor surfaces 
thr centre of procure whs nfipronimatcly nt (L 7 S of the immersed length from the 
trailing idgc, and expressions were also found showing how the position ol thr centre 
nf pme-itri varied with longitudinal curvature, and with U AjjtH-e ratio of ifo* 
length*, of chim- and k«J of a vet- shaped surface. The analysis was 
extended to obtain relation Strips which Mtahb' the lift, drag, and pitching moments 
of flat nr vee-shaped planing surfaces to lie calculated from expressions based on the 
projected still water plan bur area. 


Tm Influence or Pkikung on the Fatigue Strength of Dura¬ 
lumin,! By H. Sutton* M.Sr., amt W. J. Taylor. Comtiumicaled 
by tin Director of Scientific Research, Air Ministry. R. & M. No. 
1**47. {4 I*a«eK,) February 8 , 1935. IVice 3d. net. 

All the pirkhng treatment* investigated effect a reduction of the Wtihlcr fatigue 
limit at duralumin, but the reduction dm- to treatment C folkiwfd by uniucrsimj in 
1 mill Mu' water i> \i-rv small and within the ftiilgr ol scatter Of Uh fatigue test results. 
Jnunemon m boiling water appears to remove to a substantial degree thr injury m 
llii' turLui Layer resulting from pickling. Pickling treatment C reveals the macro* 
structure of duralumin parts and appear* suitable for the rxomimitian of pieces at 
various Mages of uumiuarturv tor defect* Mich ft* fatigue emtki. Up* and dls- 
roatmuirir v It fit aha of urnfor foretituiiiiutfori of (hr structure of ingots, observa¬ 
tion of Mow in forging* and Hi aiupings, and for l he inspect ion of used parts lor 
iutigne t melts. 


* I’ji khuH Ttutmout C. 

[ 11 Immi-rsc m hot water (bailing water used here). 

L«1 Transfer directly to bath rout tuning 4 parts of LP per cent. sulphuric acid 
fvol.t, 1 part hydrofluoric arid* m normal temperature,* imtuerbe for U tmmiies with 
constant movrment, ruiw in void water. 

Immerse in cold 50 percent, nitric acid for 1 minute, rinse in cold water* wash 

in hot w.itrr and dry. 

f Abstract only of paper published in Jaurtuit of the Institute of Mortis, IfKM 
Vol. LV, No, !£, pages 14915 *. 

* IVttlopetl by Messrs, High Duty A l toys, Ltd,* Slough, and comm imit ated ld 
author? 

t deg, m the authors’ experiments. 


Comparative Measurements of Turbulence by Three Mkthuus. 
By the Staff of thr Aerodynamic* Department* National Physical 
laboratory. R. & M. No. 1/131, (17 pages and 8 diagrams,) October 

25, 19.*4, Price is, 3d, net. 

There ore three method* of measuring turbulence In use at the National Physical 
l.'ilHiranu y, namely, (a] the hot wire method, (b) the ultra microscope method, and 
tc) t Ih 5 spark method, all of which are fully described elsewhere. Of these the first 
b the oldest and has been most extensively used . the other (wo are oompuativdv 
new. The essential dfotmclion between the method* is that the hot wire record 
Hurt nations at a point fixed in space, whilst the other two methods record the motions 
Of elements of fluid moving with the Mfcjm, Tlur latter arc, therefore, jess influenced 
by the frequency nf the velocity fluctuations at the point of observation. In view 
of these ilifawiffi it was important that camparative measurements should be 
made by the three methods under identical flow' conditions, in order to establish 
the accuracy obtainable tn each case. Acrortfmgiy experiments were math* m au 
aimtream in which different degrees of turbulence were obtauied by passing llie 
Stream through a contraction. 

Air fmm a centrifugal fun wa* led through a kmg pipe to a large chamber com- 
munhratuMf with ilie entrance to ihe contractbu. The crosii-scction ol this chamber 
was ninth large to obtain a low velocity of approach, and contained a honeycomb 
which efimioated uuv large swirl. The flow was further stabilised by a bell mouth 
leading to the inlet of the contract ion* Large disturbances in the flow were generated 
by a grid 0! square tnvsh placed across the stream m the parallel portion of the 
infri. hrrmediafrly behind the grid the vortex svftcm bo fortned w.is regular, and 
by (he time the stream reached ihe first position for uieasureiiieot the vortices had 
become Fairly well cfffhiscd. 

niMervatmni of the longitudinal component of turbulence by the three methods 
and of thu lateral nunponciit by the spark method were mailr at points cm the axis 
ul podittaoi in the miet and outlet of the contractiim. 

The ratio of Root Mean bqmut value* to maximum value* otitained hv the hoc 
wire and spark methods are in good ngreejnent, as abo are the ratio* of the 1 ui-lHileuce 
in the inlet and outlet by all three methods. Any ol the three method*, therefore, 
gives reliable indicatum* of (he comparative turbulence in different flows* The 
type of experiment chosen in Xht present case was of a particularly drastir nature 
for in the inlet the flow was very disturbed whilst in Ihc outlet (he disturbances 
wm- \rrv siimll* In consequence the accuracy is not hllTh, but it is pmbable that 
the data are arroraie ro within ± Id perr cent,, since tnrj' are in most cases the 
means nf several measttremfUM, The accuracy of the K.M S. value* is pmliabty 
higher than thb. The nbwflutr values obtained hv the three method* are iu kss 
satixfactnrv 1 Agreement, the ulfranucmscope and spark toetflock giving higher values 
than the hot wire. 


Kxju-kjmintk o.v Servo-Ktt>i>er Mtrmfi* Bv W. J. Duncan.* 
n Sii t n. L. Elh*, B.Sc., A.R.T.C.* and A. G. Gadd* 

ul the Aerodynamic* Dcpartbftwtt, N.P.L. K. & M. No. 1652* [30 

I*agek and 9 diagrams.) September 11, 19.14. Price 2s/net. 

There haw bwn several occurrences of flu tier of scrw^arntroUed rudders cm full- 
jwak, and It urgs dvTdcd to luvegtigatr this type of flutter on a model p ro v ided with 
■ flexible fuselage The investigation aimed at finding method* for preventing tfo* 
flutter. The experiment^ were all carried out on one model, but a large number of 
fad nr* affectim; the flutter w.^y var^. The principal t^re the elastic tilfluese* 
and the inertia coefficients of the system. 

In the majority at cases flutter can 1m* prevented by suitable nuts* loading af ibe 
mam rudder and Wvo-flap, There are, how^wr. certain unfavourabk rombmations 
of the elastic stiffnesses for which flutter prevention is difficult. It n intended to 
lavesligate the case where the flap Is geared, so as to act a* an jwTttdvnamira.1 palance 
for the main rudder* which h directly operated. 


* Vow Wakefield Lecturer on Aeronautic* at Vuivenity CoUnge, Hull 


Stahc SrABrutv Tests of Sex Fuli, Scale Twlv Fuiat Seaplaxfs. 
Bv K. K Cushing, A. S, Crouch, D.I.C.. A.-C.GX* nnd R* \V* 
AngtTl. Cottiitmtiicatcd by the Dmrlor of Scientific Research* Air 
Ministry. H. dc M. No. 1653* {20 pages and jj diagrams,) August 
23, HJJ4* Price is. 6d. tiet. 

An imptH-Liut factor la twin float seaplane design is adequate stability on the 
water, fu a new design this is Secured by following the proportions of a previruis 
tuectissfilil wtaplane, by ratnifations from design data, m by tests of modek in a 
tank, Tlw requirements which have to be met by *eiiplanes an: based on 

extensi™ service experience. 

Experwrumti have been made to determine the loogitudinaj and lateral metaceutric 
befehts Anil the capsiemg moments on the Vildebeest, IIIF, Osprey, Nimrtwl Tutor 
ami Atlas twin float sea piano. Some uf tlicsc seaplanes have l>ccii tested at both 
limits of the cuntrc ol gravity, the stability of each seaplane has been calculated and 
the caicuiatioiis compared with the experimental results. 

The experimental results show that the lateral and longitudinal melarentrie 
heights tan he calculated with a good degree of accuracy, if the water ttoe k known 
accurately* 

An rmir nf 5 per tent, in the displacement result* in errors of l per cent, and 
per lent, in the Lateral and loiigitudiiml inetacirntrir heights respectively, while 
an error nf i deg. in attitude results in errors of approximately 3 per cent, and 
h per cent, in the Literal and lonjritudmal nsetacentric heights respectively. 

The moment required to caps ire the seaplane* when trimmed aft is somewhat 
smaller than the requirement* of Air Ministry Specification No. 22 Miscellaneous. 
It would appear, bnwever, from the general opinion of experienced pilots, that id 
practice these seaplanes have adequate stability. 


Spinning Experiments on a Model of tut; Bristol Fighter 
Aeroplane, Including the Effect of Wing Tip Slots and Inter¬ 
ceptors, By H, B. Irving. B.Sc. r A. S, Batson. B.Sk\, and J, H- 
Warsap, of the Aerodynamics Ifor^rtment, N.P.L. K & M. No* 
1654, (tn p^igcs and 14 diagrams.) February 28, 1935. Price 2s. net. 

This report describes the first experiments made at the National Physical 
Lnltoratory, with the new spumiug hnlancv 1 in which the actual motion of a steady 
spin can la* represented ; and moments about two axis measured, one axis being 
the axis of rotation, and the other an axis fixed in the body of the model, which 
mav hv choice be either the yawing axis or the pitching axb. 

The Uristol Lighter aeroplane was chosen for the experiments* because of the very 
extensive data ou its aerodynamic quaiities which were available, including quantita¬ 
tive data from full-scale spmniny tosts. a 

The range of investigation included the following experiments t— 
t'entre of Gravity on A n* of Rotation .—-Model without slots effects of rudder, 
elevator and aileron setting (upper wth« only! at 0 deg. sideslip ; effect of 5 de^. 
sideslip ; effertsof wing tip slots and interceptors on upper wing only (U dc^- sideslip). 
Centre of Grai'Uy off A ik—Comparison w'ith fuff-scaJe spins. 

The effect of slots on spun liny moments make it seem proliablc that ad biplane* 
with wing rip slots, even though they have considerable stagger (which tend* towards 
stability m mil) will become unstable in roll when the incidence exceeds about 4 *^ deg. 
Adding vroighl* to the will#s of a Slotted biplane will *rrnrdiiigly fie generally adverse 
in effect in flat or iiattish sputa even wiieii there is stagger. 

The yawing moments produced by wing tip slots are such that the slots will general 
lend to accentuate any flat spinning tendency a machine may haw, or bring om a 
latent possibility of the flat spin occurring. 

Owing to scale effect the vertical spinning tunnel probably *n* in the direction 
of giving the model a greater margin of safely in spiiinuig than the rorraspoiidiiig 
full^scftfo machine* 


1 A continuous rotation balance for the measurements of yawing and rcilling 
momenta in a completely represented spin,—P. H, Allwork. R. & M. I 57 f>. 

* Further experiments on the spuming of a Bristol Fighter Aeroplane.—A. V. 
Stephens* R. S: M. liila. July* m 


The Effect of Wing Setting on the Water Performance of 
Seaplanes. By W. G, A, Pming, R.N.C, CommunicHteri by the 
Director of Scientific Research, Air Ministry. R, & M. No. 1636, 
(8 pages and 3 diagrams.) August 15* 1934* Price c*d. net. 

The forward motion of a ECaphnW during the take off i? opposed bv the air and 
water foreey and a change hi the w-ing HUting ndative in the hull wilf modify bnlti 
thr&c! fortw. Thus if tfep wing relative to the* hull or floats is iucreaped, the 

wing attitude and consequently the wmg drag is also increased. At the same time 
however the chnrnrc m the air lift will have brought about a decrease in the 
load on water and therefore a decrease in the water dra£ r The effect of n change 
of wing setting relative to the hull on the water perfonnaiiifo therefore, is dependent 
upon the effect that such a change has upon the combined air and water drags. 
Expression* havr brrn written down for the combined air and water drag of a sea¬ 
plane and these have tieeu us«l to determine the optimum angle of the wines 
relative to the hull so for as the water performance is concerned The theoretkuil 
work has also been supported by calculations showing the effect of wing setting 
on the water performance of a typical flying boat, these calculations being based 
upon tank aud wind tunnel data. 

The optimum wing setting of a seaplane is shown, to be dependent upon the running 
angle of the hull and the aspect ratio of the wing structure, and the best angle in 
thr case of monoplane greater than the ccirresr«mdiiig angle fnr a biplane of the 
sam** asjwct min. The oqM'iimtntel result? are shown to be iu very good agree¬ 
ment with the theory* 


The Water Perform ante of Seaplanes. .Utijcation of Tank 
Dat^ to Determini the Effect of Wind. VahiATTOi y of Loading 
or a Change of Air Structure Upon the Performance. By 
\V, G. A, Pt-majj, R.N.C. Communicatwl by the Director of Scieu* 
tific Research, Air Ministry. R. &. M. No. 1657. (4 pages and 4 
diagrams,) October fi, HB4- Price fid. net 

Tank test? of model seaplane* usually relate to one, or sometime* two load 
remditimw, and the te*l* correspond to otMrditiomi of no wind far some specified air 
structure. The tank tests, which are curried out «t An early stage of the design, 
are often iw*t directly applicable to the completed seaplane, because of modifications 
made 10 the wing structure or to change* in the all-up weight. The effect of wmd 
on (be take-off is another problem to which the routine tank test k not direetlv 
applicable* Changes in the air structure, or the loading, or the effect of wind, all 
result in a load mi water differing from the load on water during the actual te$u. 
and the effect of any one of the changes can therefore be calculated provided that 
the effect of variation* ol load on water can be predicted. 

The method outlined in this report is suitable to determine the effect on the 
take-Off performam e of a teaplane, of any change in the comditiims that involves a 
change in the load on water. 







